A simple and inexpensive digital counter for use with monosegmented continuous flow analysis, flow injection analysis and other related techniques is described, which makes use of the display and logic board of a pocket calculator.
Monosegmented continuous flow analysis, MCFA, is an analytical tool of high sensitivity and sampling rate, well suited to analyses which involve slow kinetic reactions as the reaction mixture is sequentially introduced into the incubation (delay) coil between two air bubbles to avoid sample dispersion. 1 The MCFA system can be operated manually or by means of a sequence timer or a microcomputer.l. 2 The coupling of a counting device to this system is desirable in order to avoid confusion about the number of injections performed per sample, as this tends to be a tedious task in routine work. When the MCFA system is operated by a microcomputer this function can be part of the program, but in the other two instances it is necessary to couple mechanically a numerical counter to the injection valve to indicate the actual number of injections made.
In this paper we report a simple digital counter for this purpose, which makes use of the display and logic board of a pocket calculator.
Counter Design
The counter can be constructed from an inexpensive pocket calculator, such as EL-838 (no brand name), Dismac L8 or Boasion LC-l22C, or from a scientific calculator such as the Sharp EL-5813, which contains a built-in floating constant.
After opening the calculator, the first step is to locate ihe pair of contacts on the circuit board which are related to the "equal" key. This is achieved by following the circuit tracks and/or by measuring the drop in resistance (from MQ to kQ) which takes place when the equal key is pressed. A connection wire is then soldered to each of these contacts. The wires are extended out of the case and the other ends are soldered to the "normally open" terminals of a two-way microswitch. The microswitch can then be mounted on the injection valve in such a way that the switch is closed each time an injection is made. The closed microswitch then sends a signal equivalent to pressing the equal key in the calculator.
Before starting the analysis, the following sequence of keys is pressed on the calculator:
Then, each subsequent impulse on the equal key (or on the closed microswitch) will cause the number 1 to be added to the value already on the display. The operator has only to read the display to know how many injections have been made. Between samples, the zero key is pressed to clear the display for a new series of injections. For calculators which do not have the built-in floating constant function some modifications in the set-up and/or in the operational sequence have to be introduced in order to allow them to work as a counter. Some examples are given in Table 1 . If both the sample number and the number of injections of the sample are desired, they can be displayed with a calculator t See text and footnote t of Table 1 .
$ /SN/ means sample number which has to be displayed when starting a new injection sequence.
1 See footnote * of Table 1 .
11 In this sequence /ND/ is used to fix the number of decimals, which is related to the maximum number of injections possible. In this instance, ** /SN/ can also be changed by pressing E+/ instead. In this instance the new sample number is only sequentially changed.
tt See footnote 11 of Table I. in the examples above is 99. Modifications in the number of injections and other sequences can be devised.
where 99 is the maximum number of injections, /ND/ is 2.
which has the built-in floating constant, by using the following sequence before starting a run: / ON-CLEAR /. (decimal) / 0 / I/ + / = / 1 (sample number) /. Observe that this has introduced 0.01 as the built-in floating constant. Then, each time the microswitch contacts are closed, this value will be added to the display. Hence, after six injections of sample 1, the display would read 1.06. Between samples, the real sample number is entered into the integer part of the display (e.g. , 2; 13; 148; etc.) whereas the decimal part will always count the number of injections carried out. Similar sample and injection counter sequences for some other types of pocket calculators are summarised in Table 2 .
Comments
The simple counter system described can be constructed from almost any available pocket calculator. Only the models we have tested are listed in the tables. However, as other calculators use the same microprocessors, some of the indicated operational sequences should be valid with these calculators. Although we recommend an inexpensive model, the operational sequences are the same for those which are more expensive. If performed correctly, this procedure will not damage the calculator, which can be used as a normal pocket calculator when not in use as a counter.
This counter is now being used in routine determinations of boron at the Instituto AgronBmico de Campinas, coupled to an MCFA system,3 but it can also be used with any other continuous flow system, such as flow injection analysis or semi-automated liquid chromatography, where the number of injections needs to be known. Other applications are being studied.
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